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PREFACE 

The reduction and compilation of the data presented in Part 2 are joint efforts. 
The efforts of Mr. C. Vaugh and Mr. R. Aldrich, who determined the major 
portions of fireball growth and altitude data, are particularly mentioned. 

In addition, acknowledgement is made of the many helpful suggestions con- 
tributed by Dr. S.Stone of Los Alamos Scientific Laboratory.   Without him, 
pretest predictions would have been difficult. 

The XR triple-layer film was furnished and processed through the gener- 
osity of Edgerton. Germeshausen, and Grier, specifically Charles W. Wyckoff. 
Its performance exceeded the anticipations, and considerable data were obtained 
from the record. 
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CHAPTER 1 

OBJECTIVES AND OPERATIONAL DESCRIPTION 

1.1    OBJECTIVES 

The primary DAMP Star Fish Prime objective was the 

measurement of C-band angular  jitter.    A total   of nine 

rockets,   equipped with DAMP C-band beacons, was originally 

scheduled  for  launch during  the Star Fish Prime event. 

However,   the  toll   of probes  taken during the previous aborts 

in  the Fish Bowl   series,   the desire to reserve  several 

probe missiles   for training  to achieve reliable acquisition 

procedures,  and   the requirement  for a probe control   flight 

in a non-nuclear  environment necessitated reserving the  two 

late-time Speedball  rockets  originally  scheduled  for Star 

Fish Prime  (probes 8 and 9)   for  test firings between Star 

Fish Prime and Blue Gill  Triple Prime. 

Of the seven resulting DAMP C-band rockets fired,   three 

were Speedballs.     The other  four rockets were launched by 

projects 9.1a,   6.2, and 6.7.    A list of firing times, 

projects,  and  tracked intervals  is provided  in the trajec- 

tory section of  this report. 

An operator error involving power programming prohib- 

ited     acquisition of the project 6.7 rocket.    Since it was 



of paramount  importance  to have a   tracked  target  in  the  air 

at burst  time,   the Speedball  backup was  fired at H-50 

seconds,   and  no  further attempts were made  to acquire  the 

6.7  rocket.     Of  the remaining  six rockets  fired,  all were 

tracked   for most  of  their   flight,  with  the  exception of  the 

H-50  second  Speedball,  which was  lost  shortly after burst 

and  never  re-acquired. 

All   Speedball   rockets were  equipped with Daisy  flares. 

This   flare package was designed   to measure the  target  RF 

optical  bias by ejecting  intense  flares which would  enable 

comparison  of  the  radar  line  of  sight  to  the rocket with 

the  optical  position.     However,  due  to complete overcast at 

the DAMP  ship position,   no  flares were  seen during Star 

Fish  Prime. 

Three  radars were used   for  clutter and   fireball 

reflection measurements.     These were   the  second C-band 

tracker,   the UHF and  the L-band  radars.    The UHF and L-band 

frequencies were radiated   from the same 28-foot parabolic 

antenna.     The C-band  tracker used was  the Starboard 16-foot 

FPQ-4.     The shipboard digital computer was used to program 

the C-band  tracker  through a series  of eight different 

regions of antenna directions, with combinations of five 

10 



different scan patterns, with the UHF/L-band system slaved 

to the C-band tracker. 

Possible interference with the destruct mechanism of 

the warhead prevented the UHF/L-band system from observing 

burst at H-0. Auroral-type clutter measurements, however, 

m were obtained after H + 1 minute.  UHF interference may 

have invalidated the radiometric measurements. 

In addition to t?.ese objectives, the Thor booster was 

skin-tracked to burnout,and the composite telemetry and 

signal strength of the 2A6.3-Mc Thor health link was 

recorded.  Riometer data was recorded for project 6.8 

during the entire Fish Bowl series. Transit measurements 

are presented in Volume 7. 

1.2 OPERATIONAL PARAMETERS 

Date  9 July 1962 

Time  0900; 09.0290 GKI 

Altitude  400.15 km. 

Yield  1.4 Mt 

Position of burst with respect to Johnston Island 

|r 33.34-km ground range 

200.31 degrees azimuth 

Carrier vehicle  Thor 

11 



Ships  position at H-0 

360 km  from Johnston 

Azimuth   from Johnston =  10.3 degrees 

Geodetic  Latitude:   19.91  degrees  N 

Longitude:   168.91  degrees W 

Ship's  Maneuvers 

10 degrees heading at H-33 min,   10 knots 

Turn  to Starboard  at  H-24 min,   arriving  at 330 degrees 

at  H-17 min 

Turn  to Starboard  at  H-700 sec,   arriving  280 degrees 

at H-340 sec 

280 degrees  heading  at  4 knots  until  H+50 min 

Turn  to  starboard  to  100 degrees  at  H+50 min 

Total   probes,   DAMP ship 

C-band   track:   eight 

Flare pack probe ■  four 

Telemetry  track ■ one  (Thor) 

1.3    FREQUENCY  SUMMARY 

C-band  tracker 1   (Port) 

Interrogate 5700 Mc 

Receive 5775 - beacon 

5700 -   skin 

12 



C-band  r-ackerZ  (Starboard) 

Transmit 5795 Mc 

Re;eive 5795 Mc 

L-band radar 1300 Mc 

UHF radar 430 Mc 

W. Telemetry tracker 246.3 (Thor booster) 

Radiometer 442 Mc 

Riometer 30,   60,   120 Mc 

Transit 400,   324,   150 Mc 

1.4    DATA SUMMARY 

For  this report a  separate data volume has been pre- 

pared  for each Fish Bowl   test  in which the DAMP project was 

engaged  (Star Fish Prime,   Check Mate,  Blue Gill  Triple 

Prime, King Fish,  and  Tight Rope).     It is the intent of 

each volume to present  only  the most pertinent and  readily 

available data within  the limited  time scale available. 

Each  test report volume contains  less than 1 percent of  the 

total  recorded data accumulated during each mission, 

including calibrations. 

^ Apologies must be presented  for  the lack of equipment 

block diagrams,   sub-system parameters,  calibration,   and 

alignment procedures,  etc.     Equipment-related considerations 

are covered in detail  in the following standard DAMP volumes: 
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1. System Function Manual   (Equipment) 

2. Equipment  Operation  Manual   (Calibration,  and 

Alignment  procedures) 

3. Data  Processing  Procedures  Manual 

The interested reader is referred to these documents for 

most questions concerning the nature of the equipment or 

the  calibration methods. 

Table 1.1 provides a tabulation of the various quantities recorded 

by each instrumentation system.   The program followed by the port C- 

band radar is detailed in Table 1.2, and UHF/L-band slave intervals 

are given in Table 1.3. 
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TABLE  1.1     EQ'JIPKIM  ANT' RECORDING DESCRIPTION 

[• 

Type  of 
Recording Quantity Recorded 

Speed  of 
Recording 

Digital 
(three   recorders) 

Range,   azimuth,   elevation ACC voltage 
elevation error,   azimuth error and 
rangt   errors   for  tracking radars #1 
and  «2 

16  In/sec 
100 samples 
per  second 
per  channel 

Pitch,   roll,   ships  heading   for gyros 
No.   1  and No.   2 

Azimuth,   error,   elevation error and 
AGC voltage   for UHF/L-band  radar 

Azimuth,  elevation and AGC voltage  for 
telemetry  tracker 

Azimuth and  elevation angles  for  slave 
pedestals No.   1,  No.   3 and No.  U 

Twenty-four  bit real   time and  sync. 
pulses 

Aapcx   (analog'» 
(cwc   recorders) 
Recorders #1   and #2 

AGC voltage,   AUDAR,   azimuth  error, 
elevation error and  range  error  for 
tracking radars  No.   1  and  No.   2 

7}  in/sec 

AGC voltage,   azimuth error and  ele- 
vation error   for UHF/L-band  radar 

AGC voltage,   azimuth error  and 
elevation  error  for   telemetry  tracker 

Audio conuacntary  (operations  net) 

Tracking  radar No.   1  analog range 
recorded  on Ampex  No.   1 

Thirteen bit   time and control   track 

Sanborn  (analog) 
(two recorders) 

AGC voltage   for  tracking radars No.   1 

AGC voltage   for UHF/L-band  radar 

ICten/sec 

Time 

Tracking radar No.   1  analog range 

Telemetry ACC 

Video  No.   1 Reference and non-normalized 
bl-polar video   frerr. WDR 

N/A 

Audio commentary  (operations net) 

Time 
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TABLE I. 1     (CONTINUED) 

Type   of 
Recording Qu.-."tlty  Recorded 

Speed  of 
Recording 

Vidt -   No.   2 j     1 . Reference,  and  non-normalized 
error and elevation error video 
signals  from WDR receivers  for 
tracking radar  No.   2 

N/A 

2. Reference video   from  UHF/L-band 
radar 

j     3. Audio  commentary  (operations  net) 

1     U- Tire 

Boresigt.t   ca^' ra 1 . Tracking  radar  No.   2   (1000   ft   reel) 20 frames per 
second 

1 Tracking  radar  No.   1   (400   ft   reel) 

Four  channv! 
aud 1;   r f c o r r • r 

1 . Cor^cntary 3-3'i  in/sec 

X-V   plotttr Pr 
1 . 

■^   2  only 
Xc  versus Y;   of  tracking  radar  No.   1 N'A 

2 R^ versus H of   tracking  radar  No.   1 

M:nico^  vidt. 
recorder 

A. H-S5:   seconds  to H-600  seconds; 
telemetry composite video cyclelock, 
13  b.i  real   timi,   and   operations  net 
commentary 

60  in/sec 

Y H-190  seconds   to  end   of   test-.     track- 
ing  radar No.   1   and  No.   2 video, 
■■:r  L-band  radar  vide..   13 bit   real 

,   and  operations  net   comentary 

120 in/sec 

Tint-  and   events 
record^r^   (bruFr 
strip  chart   -   tu. 
recorders) 

.   switching  events,   200  channels lOm/sec 

Vidicon  TV'  monitor 1 . Photographs during  6.13 probt   fiare 
firing  sequences 

12^  frames 
per  sec 

Events-   rccorc.r 
(portabli) 

1 . Rionietc-r and  radioruur  events 

RiOTietcr  recordings 1. 
2. 
3. 

Three AGC channels 
Three  audio channels 
Time 

N/A 

UHF  radiometer 1, 
2. 

UKF  noise  temperature 
Time 

15  in/mln 

CEC/digital   punch       1 1. Transit  print-outs  of   satelltc   passes N/A 
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TABLE   1.2     EDITED TIME AND EVENTS  RECORD  PORT C-BAND  (RADAR NO.   1) 

I 

Time   (IH-sec') GMT 1                    Events ^                          Notes 

Initial 
mlBslon 

External designate node 

1   Manual  gain control 

conditions The radar servos were 
directed by computers. 

285 PRE Pulse repetition frequency 

1-microsecond pulse width 

Receiver bandwidth 8 sega- 
cycles 

Slave pedestal   three 
unasslgned 

Boreslgtu camera off 

Aziouth bandwidth 3 cps 

Elevation bandwidth 3 cps 
These  figures refer to the 
three tracking servos. 

Range bandwidth 4 cps 

Beacon local  oscillator on, 
MFC 

Manual   frequency control 

Skin local  oscillator Status not recoverable  from 
the raw time and events 
records  for this mission 

-1754.6 08:30:54 6 Lockon automatic  track 
mode, ACC 

Start of probe 1 beacon 
track.    Azimuth,  elevation, 
and range servos ccanenced 
tracking the beacon return. 

-1752.0 08:30:57 Slave pedestal   3 assigned 
to radar 1. 

Slave pedestal  3 carried 
the vidlcon camera 

-1749.0 08:31:00 Beacon local   oscillator, AFC Automatic frequency control 

-1747.0 08:31:02 Receiver bandwidth 2 mega- 
cycles 

-1449.5 08:35:39 5 Manual mode,  ICC Azimuth, elevation, and 
range servos were now under 
the operator's manual 
control. 

Surtin* 
conditions 
probe 3 

Racclvtr bandwidth 8 megacycles 

External dcttgnate mode 

Boreslght camera off 

Beacon local oscillator,  MFC 

Slave pedestal  3 unasslgned 

Only the changas fron the 
last conditions above art 
noted. 

17 



TABLE :..     (CCNTIN'UED 

Ti-,    (H-^c5 1      cy Events |                            Notes 

■ 3 ^. r- DS:5-, 3;.7 Bcrestght  caaer«  en 

• 1 -. c C-   59'55 Lockon autaoatlc   tr«ck ooclt, Start   of probe 3 beacon 
AGC track 

+2-.C 09:0?:3? External   deslgmtf mode,   fCC R«dar designated by com- 
puters,  disabling autooa- 
tlc  track 

Stirt:r. Receiver bandwidth 6 megacycles 
ccc.iiitior! 
PTOii   - Boresigbt  casera   off 

Beacon  local  oscillator,  MFC 

Slave  pedestal   3  unasfigned 

7«:.3 09;;3;:c.3 Lecker, automatic   track mode 

AGC 

Start   of probe U beacon 
track 

76-.- Slave  pedestal   3 assigned 
t:   radar  1 

7-:.: o^:3::-.i Receiver bandwidth  2 megacycles 

79^.5 09::3;:t.5 Beacon  local   oscillatcr,  AFC 

Wt.O 09:15:55 External  designate mode,   tCC 

Star; tr.f Receiver bandwidth 8 megacycles 
Condi U.-n! 
prob.   5 Bcaccr.  local   oscillatcr,   KFC 

Slave  pedestal   3 unassigned 

129.    9 09:21 ;iC.9 Lockon  a-tmatic   track mode 

AGC 

Start  of probe 5 beacon track 

1293.0 09;:; ;4:.o Siavt   pedista".   3 assigned   to 
radar   1 

129-.t 09:2; ;43.f Receiver  bandwidth.  2 megacycles 

129;.5 09:2. :<..-. .5 Beacon   local   oscillator,  AFC 

1 £. c. ; 0v;30:;9 Slave   pedestal   3 unassigr.cd 

ISIC.J C9;JC:19.3 Manual   Bade,   ICC 

IS!3.5 09;3C ;22.5 External   designate nu-xit. 

1817.9            ! 09:30:26.9 Receiver  bandwidth 8 megacycles 

1619.-            j C9:30;:c.i Beacon  local   oscillator,   MFC 

1900,1             1 09:31 :99.1 Lockon automatic  track mode,  AGC 1 Start  of probe 6 beacon track 

18 



TABLE I..     (CONTINUED 

I 

Tint   (H+sec) GW Events Notes 

1901 .2 09:31:50.2 Slave pedestal   3 assigned   to 
radar   1 

1903.0 09:31:52 Beacon local   oscillator,  AFC 

19^.2 09:31:53.2 Receiver bandwidth  2 megacycles 

2142.7 09:35:51.7 External  designate mode,   ICC Lost  track; 
re-acqulre 

attempted Co 

2143.4 09:35:52.4 Slave pedestal   3 unasslgned 

2187.6 09:36:36.6 Lockon automatic  track mode,  AGC Re-acquired probe 6 

2189.0 09:36:38 Slave pedestal   3 assigned   to 
radar  1 

23C9.C 09:38-36 Slave pedestal   3 unasslgned 

2309.5 09:38:38.5 Manual  mode,   MX 

Starting Beacon local   oscillator,   MFC 
conditions 
probt   7 Receiver bandwidth 8 megacycles 

2440.6 09:40:49.6 Lockon automatic   track mode,  AGC Start  of pr obe 7 track 

2442.1 09:40:51.1 Receiver bandwidth  2 megacycles 

2442.3 09:40:51.3 Slave  pedestal   3 assigned   to 
radar  1 

2443.0 09:40:52 Beacon local   oscillator,  AFC 

3285.0 09: 54:54 Slave pedestal   3 unasslgned 

3286.2 09:54:55.2 Manual  mode,   hCC 

19 



TABLE  1.3    UHF/L-BAND SLAVE INTERVALS, 
SLAVED  TO STARBOARD C-BAND RADAR NO.   2 

From (H +, Sec) To 

81 116 

133 166 

183 218 

235 289 

309 362 

378 431 

UU1 566 

597 715 

730 806 

820 after 900 
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CHAPTER  2 

EQUIH-IEXT  SUMMARY 

The   following  equipment  listings  are  intrnded  to convey 

the  important  parameters  of  the various  sensors  and  re- 

corders  contained  on the  DAMP ship applicable   to the  Fish 

Bowl measurement: 

AN/FPQ-4   (2  each) Tracking Radar 

Antenna 16-foot  parabolic  reflector 
46.9-db  gain 
4-horn monopulse   feed 
lA-mil   (=0.8  degree  )   beam- 

width  (one way) 

Repetition rate 142,   285,   855  pps 

Pulse duration 1.7,   1.0,   0.25   ^sec 

Receiver  bandwidth 1.2 Mc,   2.2 Mc,   8 Mc 

Noise  figure 6 db 

Frequency C-band  (5400 to 5900 Mc) 

Peak power 3 megawatts 

Pedestal Azimuth-elevation mount 

Track rates Range       10k yds/sec 
Azimuth      720 mils/sec 
Elevation      400 mils/sec 

Pedestal  data  output Digital  and  synchros 

Polarization 1      horizontal,   1      vertical 

For Fish Bowl  tests,  tracking 
radar  is vertically polarized 
radar  (Port  radar). 

21 



Unambiguous   range 100C naut    mi   (TR 1   Port) 
500 naut    mi   (TR 2  Starboard) 

2.1    L-BAKD/UHF RADARS 

The  L-band and  UHF radars,  which share  a common antenna, 

permit  observation  of   the  target by illumination  other than 

C-band.     These  radars   are  not  automatic  tracking  radars and 

are  normally  slaved  to one  of  the AN/FPQ-4  tracking radart. 

Antenna 28-foot  reflector,   paraboloid 

Gain  L-band       38.3 db 
UHF 29       db 

Beamwidth L-band      2 degrees 
UHF 6 degrees 

Polarization      vertical 

Sidelobes:     UHF       U db 
L-band       17 db 

L-Band UHF 

Range   (1-m''   target, 
S/N = 1) 266 naut    mi 204 naut    mi 

Repetition rates 285 pps 285  pps 

Pulse duration 1.7  jjsec 1.7   psec 

Receiver bandwidth 1.2 Mc 1.2 Mc 

Noise  figure 8 db 5 db 

Frequency 1250 to 1350 Mc 406 to 450 Mc 

Peak power 2 Mw 2 Mw 

Pedestal Modified 5-inch Mark 38 gun-mount 
on 10-foot tower 

22 



Track rate Slaved to AN/FPQ-4 radar 

I 

Pedestal data 

Travel: 

Azimuth  0.43 radian/sec 
Elevation  0.25 radian/sec 

Synchros 

Azimuth  -t 135 degrees with 
respect to stern 

Elevation  -50 degrees to 
+85 degrees with 
respect to deck 

2.2 TELEMETRY TRACKER 

The telemetry tracker is an acquisition aid operating 

on the interferometer principle which gives angular position 

of the telemetry target from the ship. 

General characteristics include: 

Purpose 

Antenna 

Frequency 

Polarization 

Gain 

Receiver 

Beamwidth 

Side-lobe  level 

VSWR 

Telemetry recording and 
acquisition vectoring 

12-foot-square  ground plane 
with four antenna assem- 
blies   (Vought  Electronics 
CVAT-162-4) 

215 to 260 Mc 

Vertical, horizontal, cir- 
cular (left or right) 

18 db 

Nems-Clark 1432 

20 degrees 

-12 db 

1.5 maximum 

23 



Power  capacity 200 watts   (continuous) 

Pedestal Canoga Electronic  Corpora- 
tion Model  8417, 
modified by RCA 

Tracking  rates Azimuth      10 degrees/sec 
Elevation       10 degrees/sec 
Slew      30 degrees/sec 

Tracking  receiver  preamp  threshold:     -160 dbw 

Pedestal  output Synchros,  digitally  encoded 

Discriminators EMR 67-D 

2.3 VIDICO:; 

Objective   lens:     Wollensak 20-inch Mirrotel     F16-3 

Field  of view:     2  degrees 

Resolving  power:     2  seconds  of arc 

Imago  converter:     S-stapc,   electrostatic   focused. 
RCA C-73491 

TV monitor:  TM - 9N (twin) 

Cameras (2) flight:  Research IV-C 30 frames/sec 
35 rrr; 

2.4 SLAVE  PEDESTALS 

Four modified Talos  AN/FPW-2 guidance  pedestals may be 

slaved  to either or both  of  the  AN'/FPQ-4  tracking  radars. 

Dynamic and other characteristics  of these  slave  pedestals 

are as   follows: 

24 



r 

Travel 

Angular velocity 
maximum. 

Angular accelera- 
tion maximum 

Data output 

Azimuth 

Unlimited 

15 r pm 

Elevation 

-10 to 180 degrees 

6 rpm 

9  radians/sec2       6  radians/sec2 

Synchros,   digitally encoded 

2.5    RECORDERS 

Operating parameters of the various recorders used in conjunction 

with the above equipment are given in Table 2.1. 

25 



• r. 1 c 
I V o 

i V 1 

[ 
I. O c 1 > 

1— z 
c r; fi K 
c Q c (.. V ä 1     '~*1 rH «—1 p. U u 

__ £ 5 e V ^ 
1  * L~. i: K * L-. 

r 
■H rir c 

5 
1    ^ 

c g '"*' ■^ 
"T 

+i ■P 
=;-- i 1 L 

>* j= ■c g | B o 

E g I c 
r 

< 
H r-i ^S1 

1      r" tc i"- i: n 10 f. c. 
c CJ c C c o c c 

x: 4J 45 •*-■■ i -P ■p +^ +J 

1     "^ 
»-< 2 M i 3 3 3 3 
c C c £ C C C c 

fi 
Q i i E i e e F i 

t"s V' - 
r 

H >'. P —1 

c 
I— c 
H U c 
< c i. tl ^-1 i-. 

c r- t »— H r. fe c 
E -o S. t y c c 
<; c ■P   C --1 r. '-' 
H p 

v  r! P t: 
" -^    r p 

fy c c; £ & <■ *"    ^ c^- i.. 
FT1" ^-1 p.'^ r '_    ~ ■■ «^ c 
E c c ^. - t 

5- M V 
| J O     J 

c-. ? <- B 
c ? 

~ -    r rH '-:' — <;' H^ 

CI 

O t' 
H 

c ? c 
I". 

0 
0 

r. 
^t 

t: 
-ö 

f. 
f.' T I'. f. 

u: g -ti t". c 1. c' 1. k i: 
t * P t c. c .c C c c ^ k c 
P; E 0 £ & t c Ä c. H 
«s o V +> V c ^., n K c u ^ 
E-' Xi c: r. 01 c •H c i*. I a 

0 

R 
E e •H ~- L •H 

> VO •H n r_ rf^ ■—i 7-' u R 

K 

V 

§ Cj r- ^ . 
^ i ~ "^ c. ~ CC 

£ 
o 

* 
10 0 

(H 
• IB B t tn 

C +^ r; (ÜZ u 
C I- E E 

o 
H 
t 

0 1 | 1 ü s 'S 
0 

o +3 •r-i 0 Ü ■p •H o 
K TO > 

e 1 E g 1 en 
o X 0 

Ü 
> c 

•H 

0 
0) *, ¥ 

&? 1 e Ö § 1 •H fe Ü J o 5 £ K M Ei < > pa O C 

26 



I 

CHAPTER  3 

TRACKING   RADAR TRAJECTORY 

3.1     INTRODUCTION 

All   trajectory data was reduced   from raw digital   tapes 

of range,   azimuth,   elevation,   roll,   pitch,  and  own  ship's 

heading  (OSH)   according   to the  IBM 709 digital  program 

outlined  below.    Although   the raw data was  obtained  and   is 

available  at  100 points   per  second,   it was  reduced  and   is 

presented,   for obvious  reasons,  at  1  point per  second during 

periods   of valid FPQ-4  automatic  track. 

Tho   following  launcher  locations were assumed: 

1. Star Fish:     All  rocket  launchers 

Latitude 16.7350^   (GEOD.) 

Longitude 169.5255" 

This  assumption was  made  since  the expected  error  in 

all  Star Fish Prime   trajectory printouts  is of  the  order of 

the dimensions of  Johnston  Island. 

2. Check Mate,   Blue Gill  Triple Prime,   and 

King Fish:     6.13  Probes   longitude  169.5208oW 

Latitude 16.7SSO3 (GEOD.) 

6.2 Probes  longitude 169.5148CW 

Latitude 16. 7350'(GEOD.) 
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3.     Tight  Rope: 

K-KerculfeS Longitude  169.5255"  W 

Latitude  16.7350" (GEOD.) 

Firinj  azimuths  listed were  computed  generally  from  the 

X- ani  Y-valuc-s  near   the  last  point  of track.     They are 

therefore   not  corrected  for Coriolis   force. 

3.2     DErCKIPTION  OF  TRAJECTORY  LISTING 

Tht.   sequence   of the  listing  (reading across  from left 

to  righi   is; 

1. Time   in seconds   relative  to H-time 

2. Target range  from  ship^     kilometers 

3. Target azimuth with  respect  to  true North, 

degrees 

u.     Target geodetic   elevation,     degrees 

Th. St.   four  quantities  are  raw data referenced  to  the 

ship,   obtained  by  removing  the  effects  of raw  recorded  roll, 

pitch,   a:-..!   OSH data   from  the  raw range and  pedestal  angle 

ir. f or-.-, t i en . 

Th.   next  eight quantities   involve  translation to  the 

launcher position and require   that  the  ship and  launcher 

position be used   in computation.     These quantities are; 

5.     X-distance  East  relative  to launcher, 

kilometers 
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I 

9 

10 

11 

12 

Y-distance North,  kilometers 

Z-vertical at launcher site,  kilometers 

yyC+T^-     kilometers 

Height over surface of earthy  kilofeet 

Height over surface of earth,  kilometers 

Latitude of target (geodetic),  degrees 

Longitude of target,- degrees 

The X - Y - Z coordinate system is therefore an 

orthogonal system tangent to the earth surface at the 

launcher. 

At the end of each printed interval of track^a number 

of input parameters are printed out.  These parameters are; 

1st Line: 

1 . Code 

2. Code 

3. Code 

A. Code 

5. Ship heading  degrees true 

6. Ship velocity  knots 

7. Code 

2nd Line: 

8. Launcher   latitude  (geodetic)^     degrees 

9. Launcher longitude,    degrees 
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10. Launcher height,     feet 

11. Earth semi-major axis^      feet 

12. Earth semi-minor axis^     feet 

3rd Line: 

13. Start latitude  of ship,     degrees 

14. Start longitude of ship^     degrees 

15. Height of radar,      feet 

16. Starting  time 

17. Stopping  time 

4th Line: 

18. Final  latitude  of ship^     degrees 

19. Final longitude of ship;    degrees 

No data printed   for those portions of track below 

3 degrees with respect to the DAMP ship is considered 

reliable.     It  is  included only  to establish a minimum ttme- 

of-flight and  impact range. 

3.3    DESCRIPTION OF TRAJECTORY  PROGRAM 

The  following  symbols and  equations were used in the 

development of the trajectory program. The drawings in Figure 

3.1 show the geometry of the problem and indicate the location of 

the symbols used. 
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a        Equatorial radius  of  the earth:   20,926,428 

feet 

A;      Angle measured positive  clockwise  from the 

Y-axis,  in the X-X    plane,   to the projec- 

tion of the target position vector in the 

t, X- Y   plane (See A, Figure 3.1.) 

A2       Samp as Ai but all references are made to 

the X9 - Yc- Zs coordinate  system rather than 

the X -Y -Z (See E, Figure 3.1.) 

b        Polar radius of  the earth:   20,855,968 feet 

Ei      Angle measured positive upward  from the 

X - Y plane to the   target position vector 

(See A, Figure 3.1.) 

E8 Same as Ei but referenced to the X9 - Y9- Z9 

coordinate system rather than the X - Y - Z 

(See E, Figure 3.5.) 

hi      Height above mean sea level of  the sensor 

at position 1 

ha      Height above mean sea  level of the sensor 

p at position 2 

ht      Height (geocentric)  of the target above 

mean sea level 
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Ri       Radar range of  the  target  from position  1 

Rg      Radar range of the  target from position 2 

R£i    Radius  of the earth at position 1 

R£2    Radius  of  the earth of position 2 

R£      Radius  of the earth at position of  the  target 

ol      Angle measured clockwise  in the  tangent plane 

at position 1 from true North to the Y-axis 

(See A, Figure 3.1.) 

cc2      Angle measured clockwise  in the  tangent plane 

at position 2  from true North to the Y-axis 

(See E, Figure 3.5.) 

Kl      Longitude  of position   1   (positive  East) 

^2      Longitude of position 2  (positive East) 

Xj      Longitude of position of  the   target 

(positive East) 

01 Geocentric  latitude  of position  1 

(positive North) 

01v    Geodetic  latitude  of position  1 

(positive North) 

02 Geocentric  latitude  of position 2 

(positive North) 

02v    Geodetic  latitude  of position 2 

(positive North) 
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5)j      Geocentric   latitude of position of  the 

target  (positive North) 

Cjv    Geodetic   latitude  of position of  the 

target  (positive North) 

3.4    TRAJECTORY ACCURACY 

W A numerical estimate  of  typical  tracking errors of the 

DAMP  system vas  obtained   (Reference   1)  by  comparison  of 

seven  spans  of  tracking data with Atlantic Missile Range 

(AMR)   station  12 FPS-16   tracking data  during six ICBM  tests 

in the Ascension area  in   1961.    Station  12 data was assumed 

perfect.     The   tracking noise and bias  errors  in DAMP data 

(due   to uncertainty  in ship's position,  and gyro noise and 

bias,   including radar range, azimuth,   and elevation errors) 

thus determined are presented in Table 3.1 for four of these spans. 

These  four  spans are  considered  to be more representative 

of  the   tracking geometry of  the Fish Bowl DAMP   tracking 

intervals   since   they are  end-aspect  shots  (DAMP   ship 

positioned downrange  from impact).    The  other  three  tests 

were  side-aspect  shots  involving high angular rates and 

I cannot be  considered pertinent. 

To obtain the noise  in the Johnston Island referenced 

portion of  the  listing the noise estimate in Table 3.1 may be used 
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with  the  range,   azimuth,  and  elevation data  referenced  to 

the   ship.    Caution must be  used  in applying any bias error 

estimates   to   the  data  referenced  to Johnston  Island  or  the 

earth  (latitude,   longitude,   and altitude)   in   the   trajectory 

listings included in  Appendix A.   Bias was removed in part 

by  forcing  the   ship position,  vithin  limits,   to make  the 

X  -  Y portion  of  the   trajectory meet at X  = 0 and Y B 0. 

The bias errors   tabulated in Table 3.1 are therefore pessimistic 

for   the  present  purpose. 

The transformation equations are as follows: 
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/x\      /RI COS EI  sin A^ 

y      =      Ri   COS   Ei   CCS   Aj 

zj      XRi sin Ei \ 

(3.1) 
See A, 
Figure 3.1 

I 
fx\       /cos Q, sin a,        0\ /x 

v  |  =|  -sin Qj        cos a,        0 | y 

0 0 

(3.2) 
S3e A, 
Figure 3.1 

1 0 o 

0       cos(oiV - Pi) sin(<^ - «i) 

0        -sin(o^ - 9i)        cos(^^ - <j)i) 

Where;;    Oi = tan 
-i M2 

I —I    tan ö\ 
Vä./ 

b[(b cos $xr T (a sin $x)
l\ 

(3.3) 
See B, 
Figure 3.1 

(3.4) 
See B, 
Figure 3.1 

(3.5) 
See B, 
Figure 3.1 
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tos(/.2 - ).!>       0       -sin(>.2 - >.ij\ /x> 

0 1 0 y 

Lsin(>.2 - ?.,)        0       cos().2 - \x) I \z/4 

(3.6) 
See C, 
Figure 3.1 

A 0 0 

0      cos ^2       -sin (feU y 

;/6      \0       sin 4i2        cos (fe/  \z/5 

Where:    (fe = ta n'1     (-     tan $ 

Where:    RE2 = ab (b cos (})2)
2 + (a sin ({)2)

2 

1 0 0 

y | =| 0       cos(4^ - 4)2)       8in(«fcv - 4)2) J| y 

z/ft      ^0 -sinC^ - (fe)      cos((^ - ({)2)/  \z/7 

(3.7) 
See D, 
Figure 3.] 

(3.8) 
See D, 
Figure 3.1 

(3.9) 
See D, 
Figure 3.1 

x\        /-sin o2       cos cif2       0\ /x^ 

y | = ( cos a2        sin «2        0       y 

0 0 I'   Nz's 

(3.10) 
See E, 
Figure 3.1 

36 



See E, Figure 3.1, for all quantities defined by the following equations: 

A2=tan_l{^| (3.11) 

l 

Rz = [(x9)2 +(y9)2 +(z9)2]2 (3.12) 

| E2 = sin-1(^) (3.13) 

See F, Figure 3.1, for all quantities defined by the following 
equations: 

tj    = tan 'l I IH     tan (f)T I (3. 14) 

Where:   ^ = tan"1 [y4 [(x4)2 + (z^2]   2J 

XT-Xl + tan-1^) (3-15) 

hi« [K)2 + (y4)2 + (Z4)z]2 -RET (3-l6) 

Where:   RET   = abl (b cos <|)T)2 + (a sin 4»T)2J   2 

The plan trajectories of the probes, the ship movement, and a 

general plan view of the Star Fish Prime geometry are shown in 

Figures 3.2 through 3.4.   Figures 3.5 through 3.7 show the probe 

trajectories for Star Fish Prime. 
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Geödet ic 
Vertical 

Position 1 

4 (Z,  Zi) 

/\ T,r« («t 

1       R1/ i 

I 

1/       Ei Ki 

\A> ,•/' 

J i   / 
T-^ 

\ 
^ ~- \ 

i / 

^m    True North 

East V 

Meridian Plane 
Containing Position 1 

Figure 3.1   Geometrical figures used in 
derivation of trajectory equations. 
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Figure 3.1   Continued 
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Geodetic 
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Figure 3.1   Continued 
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Figure 3.2   Star Fish Prime plan trajectories. 
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Figure 3.4   Star Fish Prime plan view, 
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Figure 3.5   Star Fish Prime time-altitude 
trajectories,6.13 and 9.1a probes. 
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Figure 3.6   Star Fish Prime time-altitude 
trajectories^^ and 6.13 probes. 
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CHAPTER 4 

C-BAND SIGNAL STRENGTH AND ERRORS  (BEACON) 

Appendix B contains the Sanborn records for all 

mission Radar 1  beacon tracking and acquisition Intervals. 

The  signal   strength presented Is  the automatic gain control 

voltage of the tracking receivers of the FPQ-4.    The records 

are annotated with events  taken from the edited  time and 

events records.     Calibration of signal  strength is 

presented  in db/m units.     This  refers to the peak output 

power level  of an RF pulsed  signal  generator.     This  signal 

generator  output was  fed  to a waveguide run of  several 

hundred  feet,   thence  to the foremast horn from which  the RF 

signal was  radiated  about  300 feet  to the FPQ-4 antenna. 

When parameters were changed  (bandwidth changes,   local 

oscillators,  etc.) during a mission,   signal  strength cali- 

brations are included  for each combination. 

Angle error calibrations were obtained by moving the 

antenna from the foremast horn 10 mils in each of four 

directions. 

Pre-misslon and  post-mission calibrations were available. 

However,   for this report,  the calibration occurring closer 

to the mission was included (Figure B. 1). 
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The Sanborn records include a real-time GMT 13-bit 

digital  1-pulse/second code,  repeated every 15 seconds.    The 

pulses are of three different widths.    The thickest pulse 

is the reference pulse.    The left edge of this pulse signi- 

fies  the beginning  of a 15-second GMT interval.     The next 13 

p bits designate which 15-second interval of the day begins at 

that reference pulse.    Medium width pulses designate a "1," 

and  thin pulses designate a "0."    The two pulses  following 

the reference pulse signify which 15-second  interval of the 

minute,   the  following six signify which minute of the hour, 

and the following  five signify the particular hour of the 

day.    Thus,   the pulse train 10, 100100,  10010 after the 

reference pulse means  that the reference pulse left edge 

corresponds  to 9 hours,  9 minutes,  and C seconds GMT.    The 

last pulse prior to the next reference pulse is a dummy 

pulse. 
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CHAPTER 5 

UHF/L-BAND TRAJECTORY 

Trajectory data for the UHF/L-band radar (Appendix C) has been 

reduced in the same manner as the trajectory data presented in the 

Port C-band tracking radar listings.    The UHF-L listings, 

however, were derived  from the Starboard C-band radar to 

which the UHF-L band radar was slaved during most of the 

mission. 

Under conditions of UHF-L band slaving to the Star- 

board radar,  the antenna will follow the C-band radar to 

within 6 mllliradians  In angle,  provided the following 

angular rates are not exceeded: 

Azimuth Velocity 25 degrees/sec 

Elevation Velocity 14 degrees/sec 

Azimuth Acceleration 110 degrees/sec 

Elevation Acceleration       85 degrees/sec 

It is believed that  these rates were not exceeded during any 

mission. 

Due to equipment limitations,   the UHF-L band antenna 

cannot be slaved to the Starboard C-band radar during dis- 

continuities in designation data  (for example, when a point 

chosen for scanning is  suddenly changed).    These periods 
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during which the UHF-L antenna  is  slaved  to the C-band radar 

are  tabulated   in the  time  and  event record.     For  the remain- 

der  of the time,angles presented pertain only  to the Star- 

board C-band radar. 

It must be emphasized  that the range (column 2)   and all 

Er quantities transferred  to Johnston Island  refer  to the range 

gate,  although tracking was not employed.     The position of 

the range gate on the intensity-modulated photographs  is JZ1 

Kyds after  the pre-trigger;  the position of the range gate 

on the amplitude versus  range presentation is ^21 Kyds after 

the pre-trigger,  unless  otherwise noted. 

Although the mapping was generally continued   for hours, 

only 900 seconds of look angles are presentedjsince  the 

observed  effects decreased rapidly (preliminary examination 

of the records reveals  that,   in general,  nothing was  seen 

after  5 minutes) . 
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CHAPTER  6 

TELEMETRY TRACKING POINTING ANGLEJ 

There were no  telemetry  rockets  utilized by DAMP during 

this   event. 
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CHAPTER 7 

VIDEO-DERIVED CROSS  SECTIOK AND BEACON TCTER (NEAR H-0) 

Magnetic  tape records were  taken in each mission of 

ungated video from each of  the  radars.    The video was 

supplied by special receivers  intended solely for  that pur- 

r pose,  and  operating outside   the  radar  tracking  loops.     The 

receivers  had roughly  logarithmic   transfer  characteristics, 

compressing  80-decibel   input  variations   to the   32-decibel 

dynamic  range  of   the video recorders.     They contained  no AGC 

loop.     In data  reduction,   the  amplitude  of each received 

pulse was  recovered  from  the  video  tapes,   and by applying 

calibration  information,   it was  converted  to received peak 

power relative  to an arbitrary reference.    The video band- 

width used during playback was  0.6 megacycle. 

For   the  beacon returns,   power variation with changing 

distance between the radar and   the beacon was removed by 

dividing  the  received power by  the  square  of  the  slant  range. 

The  resulting normalized received beacon power  (in decibels) 

was plotted versus  time  in the vicinity of H-0 (Figure 7. Ij, 

W For Tight Rope,   the echo return from the DAMP Nike- 

Hercules was discernible  in  the video records,  and  its 

C-band radar cross section was  computed and plotted. 
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The  calculation was 

SrRr
4 

where:     0 s radar cross section 

S  s received power relative  to a common (arbitrary) 

reference 

R E slant range  to the  target 

The quantities without subscripts refer to the Nike- 

Hercules.    The quantities with subscript r refer to the 

post-mission track of a balloon-borne 6-inch-diameter alumi- 

nurr   sphere;  whose cross section was calculated to be or. 
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CHAPTER 8 

TELEMETRY TRACKER SIGNAL STRENGTH AND ANGLE ERR'-F^ 

No rocket-borne telemetry transmitters were scheduled 

by DAMP during this event to monitor the nuclear effects at 

UHF or to monitor C-band beacon performance.  The Thor 

booster telemetry health transmitter was tracked by the 

telemetry tracker^ and sub-carrier modulations were recorded 

to provide backup data in the event of Thor malfunctions. 

However, since burnout of the Thor booster occurred approx- 

imately 15 minutes prior to burst, no telerneury <k*.a is 

presented for the Thor telemetry tracking intervr... 
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CHAPTER 9 

VIDICON MEASUREMENTS 

All Speedball rockets launched during the Star ?i^ 

r.ime event were equipped with a Daisy flare ejector system, 

po thst optical measurement of the Speedball target r.ouli? be 

used for comparison with the radar line of sight to provide 

a concurrent estimate of refractive anomalies at optical 

frequencies. However, due to the inclement weather duri^^ 

Star Fish Prime in the vicinity of the DAMP s'nlp, -  optical 

measurement attempts yielded data. 
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CHAPTER 10 

FIREBALL AND DEBRIS RADAR REFLECTIONS; AURORAL-TYPE CLUTTER 
RETURNS; RADIOMETER AND RIOMETER BACKGROUND MEASUREMENTS 

10.1  FIREBALL AND DEBRIS REFLECTIONS AND AURORAL-TYPE 
CLUTTER RETURNS 

The shipboard digital computer was used to designate 

the Starboard tracking radar to various angles and rarges at 

which radar returns were expected, and to scan the rad?r 

about each of these points using scan dimensions which 

increased with elapsed time after burst.  The ZS-foot- 

parabola UHF/L-band radar was slaved to the Starboard C-band 

radar during these scanning periods, which have b?en referred 

to as clutter mapping. The general sequence employed was to 

first examine the burst area to provide a three-frequency 

measurement of the absorption and reflection properties of 

the expanding fireball, and then to observe the geomagneti- 

cally aligned auroral-backscatter areas expected to the 

north of the ship when viewing the ionosphere perpendicularly 

to the field lines. 

A general summary of this data is given in Volume 1. A 

more detailed presentation of the data on a single radar pulse 

basis is given in Volume 7. 
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10.2    RADIOMETER MEASUREMENTS 

A Dicke-type comparison radiometer wss used  ir the 

expectation of deriving background radio noise temperatures. 

This radiometer was used in conjunction vith the UHF/L-band 

28-foot  dish,  but derived its RF signal  from the horizontally 

polarized portion of the feed horn rather than the vertically 

polarized portion used by the UHF/L-band radar for normal 

receive  and  transmit. 

Generally speaking^the data derived from the radiometer 

is  inconclusive.    Heavy interference was noticed on all tests, 

and on one  test  the  fluctuations due  to interference just 

prior to H-Ü can be seen to encompass the entire dynamic 

range  of  the   instrument. 

10.3    RIOMETER DATA 

At the request of Stanford Research Institute (SRI), 

riometers  operating on frequency assignments of 30,  60^and 

120 Mc were installed on the American Mariner to be included in the 

DAMP experiments.   The equipment collected data during each of the 

five Fish Bowl events, and during some low-altitude, air-drop tests 

near Johnston Island.   In this experiment, however, DAMP provided 

only the technician services required to maintain, monitor, and 
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service  the  sensing and recording equipment connectei with 

the riometer system.     All riometer data obtarned by  •iVio 

DAMP ship was delivered to SRI, and inquiries concerning the data 

are referred to that organization.   The presentation and analysis of 

this data and the correlation of the data with other riometer sensors 

mav be found in Reference 2. 
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CHAPTER 11 

TRANSIT AND PROJECT 6.1 COHERENT MEASUIvEMEETS 

Doppler neasurenents of the very stable IJO-negacycle 

and too-megacycle Transit kk  satellite CW transmissions were 

performed for every usable satellite pass occurring vithin 

several weeks of the Fish Bowl events. The system used to 

record the data was the actual DAMP shipboard Transit 

navigation system, which normally gives ship's position from 

the difference between predicted and observed satellite 

doppler curves, using reiterative digital computations. 

Based on either the navigator's normal measurement of ship's 

position, or, utilizing the radar tracking data daring a 

mission to obtain ship's position, a measurement of the 

absolute doppler shift could be inferred from the measured 

doppler curve. It was hoped that a Transit pass would occur 

at E - 0 during at least one event so that the early time 

pronounced effects could be measured. However, the closest 

pass available occurred at H + 1 hour, during Star Pish 

Prime. 

The Transit measurements are presented in Volume 7. 

No Project 6.1 rockets were tracked by the DAMP ship 

during this event, since all available 6.1 transmitting 

frequencies were outside the frequency range oi üie 

DAMP measurement system. 
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PART 2 

OPTICAL MEASUREMENTS 

CHAPTER  12 

DATA  PRESENTATION 

The  targets during  these  tests were  extended and 

generally covered  fully  the   fields  of view of the photo- 

meters  and  radiometer.     It  is  therefore convenient to 

express   the  data   in  terms  of brightness  (radiance)   (watts 

cm"'r   H"')   rather  than irradiance.     (All  quoted values  are 

absolute,   not brightnesses  above  adjacent background.)     The 

relationship  between brightness  and   irradiance,   for  the 

instruments  under  discussion,  when  the fields  of view are 

totally  covered,   is; 

irradiance = brightness  (radiance)  x subtended  solid 

anj. 1 e 

or 

H = N.n 

The   solid angle of the source when the  field of view is 

filled   is  simply  the solid angle  of  the instrument.    For 

the photometer  (lc   circular  field  of view)   this  is: 

n - TTtan2(<?/2)  (5/2 « half angle of field) 

■ 2.39 x 10"4  steradian 
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Similarly,   for  the radiometer  (2°  x 2°   square field of 

view)   it is: 

Q - 4tan2   (e/2) 

■ 1.22 x 10"3 steradian 

It follows, then, that: 

N « H.n"1 

« H x 4.18 x 103   (photometers) 

- H x 8.21  x l(f   (radiometer) 

The fields  of view are not totally  filled at all  times,  and 

as a result some of the data presented are integrated 

(intensity and spatially) values.    When the fields of view 

are  fully covered,   such as on the major portion of the 

fireball mappings,  notations will be made. 

Instrument malfunctions,   insensitivity, pedestal 

pointing inaccuracies, weather,   and over-exposures all 

contributed to a reduction of the amount of data gathered. 

In some cases, the instruments mechanically malfunctioned, 

and  in others the exposure level was too low (or too high) 

to be  recorded satisfactorily.     Ballistic cameras in 

particular did not contribute to the data as a result of 

the low flare intensities.     In the following pages, when an 

instrument is not discussed, it should be understood that either 

no significant data were recorded or a malfunction occurred. 
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CHAPTER  13 

PROCEDURE 

13.1 TEST PARTICIPATION 

The DAMP ship,  USAS American Mariner,  participated 

in five tests during Fish Bowl.   The important parameters 

of the tests are shown in Table 13.1.   It is informative to 

note that they can conveniently be divided into high-altitude 

tesh iStar Fish Prime, Check Mate, and King Fish) and 

low-altitude tests (Blue Gill Triple Prime and Tight Rope». 

Additionally, high- and low-yield devices were detonated 

at both altitudes, further contributing to data cross- 

correlation. 

13.2 IKSTRUMENTATION DESCRIPTION 

As a result of experience obtained during each test, 

the Instrumentation was under constant modification during 

the series.   Table 13.2 lists all of the instruments utilized 

during the tests, and Figure 13.1 shows the instrumentation 

shipboard placement for the individual tests. 

13.3 USE OF INSTRUMENTATION 

Instrumentation was divided into three major groups 

according to their usage:    (l) burst measurement equipment; 
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(2) long-term (mapping) neasurement equipment, and (3) 

support equipment. 

Excessively high radiation levels were anticipated 

during the initial seconds after detonationyand it was 

necessary to protect the sensitive electronic equipment 

(photometers and radiometer) from damage.    As they were 

all positioned on Pedestal 1,  the pedestal was directed away 

to nearly a right angle  (in azimuth) from the predicted 

burst co-ordinates and was trained on the burst only when the 

levels had decayed sufficiently.    The additional burst 

measurement equipment was under control of the TV-monitored 

optical director.    As a consequence of the protection 

precautions,  it was not possible to view early burst events 

with the photometers or radiometers.    Individual instruments 

in each of the major divisions are listed below. 

13.3-1   Burst Measurement Equipment.    This equipment 

consisted of the following instruments:    (l) total-thermal- 

power-time radiometer;   (2) JOmn high-resolution camera; 

(3) l6mm DBM-5 cameras;   {k) JOvm streak objective spectro- 

graph; and (5) 35mm Flight Research camera (XR emulsion). 

13-3-2   Long-Term Msasureflent Equlpasnt.   The 

equipment, operated during mapping periods, consisted of 

the following Instrumentation:    (l) thermograph and 
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cczplementary K-2l Star camera (used only on Check Mate and 

Blue Gill Triple Prime); (2) two 35inm Flight Research 

boresight cameras; (3) four-channel photometer; (k) BkKl 

PbS radiometer; (5) Rl+Kl thermistor radiometer; (6) all-sky 

camera operated for Stanford Research Institute (SRI). 

13-3-3 Support Equipment. The following equipment 

supported the gathering of optical flare data from the 

6.13 Speedball probes:  (l) eight K-19 ballistic cameras 

located or. Johnston Island, and (2) K-2k ballistic (probe) 

camera operated aboard the DAMP ship. 

Another instrument that was utilized as support 

equipment throughout the entire experiment was the modified 

Kintel acquisition television system. This system, in 

conjunction with Optical Director No. 2, was designed to 

provide pointing information to the slave pedestal carrying 

instruments committed to the burst phase of the experiments. 

13. U CALIBRATION 

Premission background measurements were recorded by 

K - 6o minutes. All quantitative measurement instruments 

were calibrated using as a source of radiation either a 

standard blackbody (up to 1000 K) or National Bureau of 

Standards (NBS) calibrated tungsten ribbon lamp. The full 

dynamic range of the instrument outputs (film density or 

voltage) were covered xu the calibration. Also, preburst 

background mappings were completed to aid in data pjotlysis. 
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SL^\T PEDESTAL 

ir Sue.:;. 
S^c ctrc ir.iv. 
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24 " Ler.s Cawera 
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Hulciur Long foe! 
Ler.zt': Spectrograr- 
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(Spectra! i 

K-24 Ballistic Cam erf. 
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/ 
NC.  C TRACKING RADAR 

»ALLISTIC CAMERlA 
(SPECTRAL)     I 

T 

RCA  MANUAL 
OPTICAL  DIRECTOR 
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(Assigned to RCA) 

0.1 SLAVE PEDESTAL 
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4 Channel Photometer 
R4K1 (Pbs) Radiometer 
R4K1 (Therm) Radiometer 

tO. I TRACKING RADAR 

Figure 13.1    Instrumentation layout. DAMP ship. 
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CHAPTER 14 

RESULTS 

14.1  BURST MEASUREMENTS 

Inclement weather prevented 

the gathering of satisfactory data in support of pretest 

objectives.  Photographic instrumentation recorded an ojal- 

escent background produced by a dense layer of clouds 

uniformly illuminated by the burst. Burst instrumentation 

was directed to the point of detonation by Optical Director 

No. 2.  The following descriptions are those of data obtained 

by each burst instrument. 

The 70inm high-resolution camera started 10 seconds 

prior to burst and operated for 60 seconds. Data were re- 

corded from H - 0 to H + 0.3 second and consisted of 10 

frames of evenly exposed, unimaged intensities. At H - 0 the 

frame containing the burst was totally opaque, and each 

successive frame became less dense with time. 

The lörnin DBM-5 high-speed camera was started 10 seconds 

prior to detonation and operated for 37 seconds. Data were 

recorded from H - 0 to H + 0.01 second, and consisted of 

4 frames of evenly exposed, unimaged Intensities. At H - 0 

the frame containing the burst was totally opaque, and each 

of the three successive frames became less dense with time. 
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Tne 70nci. streak objective spectrograph vas  started 10 

seconds  prior  to detonation  and  operated  for  39 seconds, 

Burst   data were  recorded   from K  - 0 to H + 4 seconds  and 

consisted of a 48-fcot   length of dense exposed film.     The 

remaining  length of film decreased  in density with time. 

The TTPT Radiometer—Channel  A and Channel  B—was 

started  120 seconds prior  to H  - 0.     This  instrument was 

operate:'  until  V. + 379  seconds, during which time  Channel  A 

recorded  a  pulse width  of  0.5  msec  with an amplitude  of ^ 

volts,   and  Channel   B  recorded  a pulse width of 0.2 msec vith 

an air.pl itudfc of 0.5 volt.     Both pulses were recorded at H - 0, 

and  their  amplitudes  decay with time.     Although  highly atten- 

uated  by dense  clouds,   results   from this  instrument  are 

tentatively positive. 

TU   35r;r.; flight   research Wycoff camera was  started  10 

seconds  prio?   to detonation and operated  for 200  seconds. 

Tne results were expected   to be similar to the  70mm high- 

resolution  camera. 

14.2    LONG-TERM MEASUREMENTS 

A long-term period of surveillance was conducted in support 

of the pretest objectives.   However, inclement weather resulted in 

a serious degradation of recorded information.   This surveillance 

consisted of mapping an area surrounding the burst point, the 
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conjugate point, and large azimuth and elevation scan patterns 

covering the operational limits of the optical director and 

the instrumented slave pedestals. 

Post-mission mapping was started at H + 323 seconds and 

continued intermittently until sunrise on D + 1 day.  The 

sampling periods were taken every half-hour with a duration 

of from 5 to 10 minutes. A 5-minute final mapping mission 

was conducted after sunset on D + 1 day. 

During the mapping periods, almost total cloud coverage 

persisted.  No auroral phenomena were observed at any time. 

In addition, no long-term effects were believed to have been 

recorded which could be directly attributed to the nuclear 

detonation.  It is significant to note that little, if any, 

long-term effects were recorded in the monitored wavelength 

regions.  In this respect, the severe attenuations imposed on 

the selected wavelength regions by intermittent precipitation 

and heavy cloud coverage must be considered. Individual 

instruments with their preliminary results are listed below: 

R4K-1 Thermistor Radiometer. The results from this 

instrument are unknown due to low levels of recorded signal, 

but results are believed to be negative. 

R4K-1 Lead Sulfide (PbS) Radiometer. The reiults 

from this Instrument are unknown due to low levels of recorded 
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signal, but the results are believed to be negative. 

A-Channel Photometer. The results from this in- 

strument are unknown due to low levels of recorded signal, 

but results are believed to be negative. 

35am Boresight Camera (Slave Pedestal 1).  Due to 

| heavy rainsy, this camera was started after burst at H + 447 

seconds and stopped at H + 1245 seconds. No positive results 

were obtained. 

After burst, the thermograph and star camera were 

directed at the detonation point by the operator.  Four 

thermograph exposures and a sequence series of 3-st?.r expo- 

sures for each thermograph exposure were made. The results 

were negative. 

35inm Boresight Camera (Optical Director 2). This 

camera was not operated due to the lack of recordable optical 

phenomena. 

The all-sky camera was operated for Stanford 

Research Institute and the film delivered to that organization 

for review. Recording commenced prior to Thor lift-off and 

I ceased at sunrise on D + 1 day. 

14.3    SUPPORT INSTRUMENTATION 

Eight K-19 aerial ballistic cameras were mounted on Johnston 

Island to record optical flare data from the Speedball probes.   These probes 
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ejected 14 flares at designated points along thf trtjcctcry 

Positive results were obtained from four of the kigbt   w.  J9 

carr.- ras . 

Because of total cloud coverage, the K-24 ballistic 

(probe) camera mounted on the DAMP Ship yield negative 

results with respect to flare data. 
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APPENDIX A 

PROBE SUMMARY 

The trajectory listings are time referenced to the begin- 

ning of the GK1 second in which burst occurred. Therefore, 

H + 0 in the listings corresponds to H - 0.029 second  for 

Star Fish Prime, to an accuracy of 50 milliseconds. 

! Approximate Tracking Records 

Project Lift-Off Be-lr. Eod Azlinuth       j 

sec sec sec deg 

5.1a H-1809 K-175^ K-1451 177           1 

1    6.7 -IC: NOT TRACKED 

6.13 -50 H-13 H+22 3^9 

6.13 +110 H+762 +9^5 205 

1    6,£ +L';o: +1292 +1810 30     i 

6.13 +186: 19c 0e 2lk0 167 

2188 2303 26         | 

6.2 +2kO0 2Wil 3283 

aDigital recorder tapes were being changed in the interval 

H+1900 to H+195], and no recorded trajectory is available 

for this interval. 
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Appendix B 

CALIBRATIONS AND PROBE TRACKS, C-BAND 

SIGNAL  STRENGTH 
8 MC  BAND*'..D"'H 
BEfiCON   L0Ci_ 
OSCILLATOR  ONwV 

SIGNAL STRENGTH 
2 MC  BANDWIDTH 
BEACON  LOCAL 
OSCILLATOR ONLY 

-2C  -30  -40 -50   -60 -70 DBM -10   -20   -30  -40 -50 -60   -70 DBM 

 -  r—T"'" 

AZlMoTh ANCE  ERROR 
(+    DESIGNATES   ANTENNi 
RIGHT   OP   TARGET)       X      :       ■ 

s 

r                                                                         *- -  .              -^ 

-10 + 10 MIL 

ELEVATION ANGLE ERROR 
(4 DESIGNATES ANTENNA 
ABOVE  TARGET) 

L 

-IC 

y 
■    T* — 

-— — — -~ —rr 

  — — —   .    

.J 

y 

+ 10 MIL 

RANGE   ERROR 
( -  SIGNIFIES RANGE GATE 
AT  GREATER  RANGE 
THAN   TARGET) 

1 

1    :    ;          -. •    ■    • 
: 

■; :-^—^* 

'.: 

: ■■; ■ ;■■■:: ~ : :-.•"'"■• ■ 

^     ±.]~.::::^V.r:\..:.    :V.\..\.: 
;•:;   ;-r = ::;:^-;;:r ;;.;;■:•-:;;. |;: 

:• .    : .zz 

59                   0 +69 YARDS 

Figure B.l   Calibrations, 
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Figure B.2   Track, Probe 1. 
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